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@ A method and apparatus for determining and updating a photoreceptor belt steering coefficient 



@ An electrophotographic printing machine Is 
provided having an endless photoreceptor belt 
(10) anranged to nnove in a predetenmined path 
through a plurality of processing stations. The 
belt is steered by a motor (50) which changes 
the angle of one of a plurality of rollers (20) that 
support the belt The apparatus is used in con- 
Junctton with a method for automatically and 
repeatedly measuring (64) and updating a steer- 
ing ooeffteient (78) used In an automatic steer- 
ing mode. The method includes centering the 
belt and finding the average "in" belt walk and 
"In" belt walk rate and the average "out" belt 
walk and "out" belt walk rate, in order to 
detemnine the steering control ooeffteient The 
method allows for a single machine to have Its 
steering coefficient repeatedly updated. 




FIG. 6 
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This invention relates generally to an electropho- 
tographic printing machine, and more particularly 
concerns an improved method and apparatus for 
controlling the lateral movement of a moving belt. 

In the process of electrophotographic printing, a 
photoreceptor belt is charged to a substantially uni- 
form potential so as to sensitize the surfece thereof. 
The charged portion of the belt is exposed to a light 
image of an original document being reproduced. Ex- 
posure of the charged belt selectively discharges the 
charge thereon in the irradiated areas. This records 
an electrostatic latent image on the belt correspond- 
ing to the Informatbnal areas contained within the 
original document. After the electrostatic latent im- 
age is recorded on the belt, the latent image is devel- 
oped by bringing a developer mixture into contact 
therewith. Generally, the developer mixture compris- 
es toner particles adhering triboelectrically to the car- 
rier granules. The toner particles are attracted from 
the carrier granules to the latent image forming a to- 
ner powder image on the photoreceptor belt. The to- 
ner powder image Is then transferred from the belt to 
a copy sheet Finally, the copy sheet is heated to per- 
manently affix the toner particles thereto in image 
configuration. This general approach was originally 
disdosed by Carlson in U.S. Patent No. 2,297.691 
and has been further amplified and described by 
many related patents in the art 

Since the belt passes through many processing 
stations during the printing operation, lateral align- 
ment thereof Is critical and must be controlled within 
prescribed tolerances. As the belt passes through 
each of these processing stations, the location of the 
latent image must be precisely defined In order to op- 
timize the operatbns relative to one another. If the 
position of the latent image deviates from processing 
station to processing station, copy quality may be sig- 
nificantly degraded. Hence, lateral movement of the 
photoreceptor belt must be minimized so that the belt 
moves In a predetermined path. 

Similarly, document handling systems frequently 
employ belts to transport original documents to and 
from the exposure station. The lateral movement of 
belts used in document handling systems must also 
be controlled In order to insure the correct positioning 
of the original documents relative to the optical sys- 
tem of the exposure station. 

There is a special need for precise control of a 
belfs lateral nwvement in a machine designed for 
multlchromatic (color copy) image reproduction. In 
making multlchromatic reproductions with an appara- 
tus utilizing, for example, a moving charged photore- 
ceptor belt charge patterns corresponding to related 
color separation images may be formed in succes- 
sive image frames of the belt. Such patterns are de- 
veloped with pigmented marking particles to form 
transferable images. Each Image is transferred se- 
quentially to a respective receiver member whereby 



each image forms one of the several color separa- 
tions for the multicolor reproduction. The sequential 
image transfer must be accomplished with high accu- 
racy in order to obtain quality output of separations for 

5 faithful multicolor reproduction. In such color applica- 
tions, transferable images generated from such suc- 
cessive "master" separations must be properly 
aligned for accurate superimposed registration dur- 
ing the creation of a multicolor composite print 

10 Therefore, during the production of such a sepa- 

ration, lateral movement of the belt during belt rota- 
tion must be closely controlled. 

Ideally, if the photoreceptor belt was perfectly 
constructed and entrained about perfectly cylindrical 

15 rollers mounted and secured in an exactly parallel re- 
lationship with one another, the velocity vector of the 
belt would be substantially normal to the longitudinal 
axis of the roller and there would be no lateral walking 
of the belt However, in actual practice, this is notfea- 

20 sible. Frequently, the velocity vector of the belt ap- 
proaches the longitudinal axis or axis of rotatton of the 
roller at an angle. This produces lateral nrK>vement of 
the belt relative to the roller. Alternatively, the axis of 
rotation of the roller may be tilted relative to the ve- 

25 loclty vector of the belt. Under these circumstances, 
the belt will also move laterally. Thus, the belt must 
be tracked or controlled to regulate its lateral posi- 
tion. 

Numerous methods of controlling the lateral 

30 movennent of the photoreceptor belt maintain the belt 
within desired parameters have been proposed and 
implemented. Certain of these control schemes use 
a characteristic steering coefficient when determin- 
ing proper correctbn procedures Generally, thechar- 

35 acteristic steering coefficient is calculated for a pro- 
totype machine and this calculated coefficient is then 
transferred or used in a fixed manner by later manu- 
fectured machines. However, each manufectured 
machine will be different from any other machine, 

40 therefore the calculated steering coefficient of the 
prototype will not be ideally suited for each machine. 
Additionally, over time and/or when machine is ser- 
viced, characteristics of the machine will change. 
Thus, the use of a f bced characteristic steering coef- 

45 fteient will increase inaccuracies in the belt control 
scheme. 

Accordingly, it is an object of the present inven- 
tk>n to improve the system controliing the lateral 
movement of the photoreceptor belt employed in an 
50 electrophotographic printing machine including a 
method for repeatedly updating the steering coeffi- 
cient 

Briefly stated, and In accordance with the present 
invention, there is provkjed an apparatus and method 
55 for improving the control over lateral alignment of a 
belt arranged to move in a predetermined path. 

Pursuant to the features of the present inv ntk>n, 
the apparatus includes a roll arranged to support a 
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portion of the belt passing th reover and a means for 
rotatabiy supporting the roli. A motor is connected to 
the means which rotatabiy supports the roll and Is 
used for orienting a roll in a desired direction. A fur- 
ther means Is provided for automatically controlling 
operation of the motor in order to center the belt on 
the roll. To Improve the control of the lateral alignment 
of the belt, a method used in cooperation with the ap- 
paratus is provided for determining an updated steer- 
ing control gain or coefficient used to control motor 
operation used for adjusting the steering roll 

The present Invention is particularly suitable for 
use in an electrophotographic or electrostatographic 
printing machine. 

An advantage of the present invention is the pro- 
vision of an Improved means for controlling the lateral 
movement of a moving belt in an electrophotographic 
printing machine. 

In one embodiment of the present invention there 
is provided means for determining a photoreceptor 
belt steering coefficient during system initialization 
for a printing machine. This Initializes system steering 
data for each particular machine during initial ma- 
chine setup. 

The present Invention enables the periodic cali- 
bration of a photoreceptor belt steering ooeff icientfor 
each printing machine. Therefore, even if the charac- 
teristics of components of a belt module of a particu- 
lar machine change due to the duty of that machine 
which then changes the steering rate such periodic 
calibration will capture steering data and provide a 
more accurate steering coefficient for that particular 
machine. 

A further feature of the present invention is the 
provision of a process for determining a photorecep- 
tor belt steering coefficient for a particular machine, 
both for system initialization and for periodic recali- 
bration. 

in a particular embodiment of the invention, there 
is provided a method for automatically and repeatedly 
measuring and updating a steering coefficient used in 
an automatic steering mode, to maintain the endless 
photoreceptor belt of an electrophotographic printing 
machine within predetermined parameters, the meth- 
od comprising engaging the automatic steering 
mode; steering the belt to a preset position; disengag- 
ing the autontatic steering mode; turning the steering 
motor clockwise for N steps; measuring an average 
belt walk in and rate of belt walk in for X belt revolu- 
tions; reengaging the automatic steering mode; steer- 
ing the belt back to the preset positton; disengaging 
the automatic steering mode; turning the steering mo- 
tor counterclockwise for N steps measuring an aver- 
age belt walk out and rate of belt walk out for X belt 
revolutions; determining the steering coefficient 

The steering coefficient may be determined 
when the electrophotographic printing machine Is 
powered. 



The automatic steering mode may use a control 
scheme of at least one of (i) lead-lag series control, 
(ii) proportional + derivative control, and (iii) propor- 
tional integral derivative control. 
5 The electrophotographic machine may use two 

rollers to move the belt, the step of determining the 
steering coefficient (Csteer) including applying the 
relationship, 

Csteer = 0.2551 5y -s- 5x wherein 
10 5y ' average belt walk per belt revolutbn which 

is equal to 1/2 (dYin * dYout), 

with dYin equal to the in belt walk rate and dY- 
out equal to the out belt walk rate, and, 

6x = calculated displacement of the steering 
IS yoke end displacement due to the number of steering 
steps and camming geometry. 

Other objects and advantages of the present in- 
vention will become apparent upon reading the fol- 
lowing detailed description and upon reference to the 
20 drawings, in which: 

FIG. 1 is a schematic elevatlonal view depicting 
a belt module of a single pass high light printing 
machine incorporating the features of the present 
invention; 

25 FIG. 2a is a schematic perspecth^e view showing 
a belt module emphasizing the steering/tension 
roll and associated motor control and motor used 
in the printing machine of FIG 1; 
FIG. 2b is a side schematic view emphasizing 

30 secttonGof FIG. 1; 

FIG. 3 is a perspective view, partially broken- 
away of the steering/tension roll assembly; 
FIG. 4 is a perspective view of a belt edge sensor; 
FIG. 5 is a top plan view of a belt edge incorpor- 

35 ating therein a "Z" sensor slot arrangement; 

FIG. 6 is an active belt steering system block di- 
agram; 

FIG. 7 is a developed view of three rolls; 
FIG. 8 is a flowchart showing the procedure for 
40 updating the steering coefficient; and, 

FIG. 9 is a graphical representation of results for 
a procedure used to obtain a steering coefficient 
calGulatton according to the present invention. 
For a general understanding of the illustrative 
45 electrophotographic printing machine incorporating 
the features of the present invention therein, refer- 
ence is had to the drawings. In the drawings, like ref- 
erence numerals have been used throughout to des- 
ignate identical elements. FIG. 1 schematically de- 
50 plots vartous components of an electrophotography 
printing machine employing the belt support and 
steering mechanism of the present invention therein. 
Although the belt steering and support mechanism is 
particularly well adapted for use in an eiectrophoto- 
55 graphic printing machine, it will become evident from 
the following discussion that it is equaliy well suited 
for use in a wide variety of office machines and other 
devices which employ a moving belt where the lateral 
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movement of the belt needs to be controlled, and Is 
notn c ssarily limited in Its application to the partio 
uiar embodiment shown herein. 

FIG. 1 discloses a single pass high light color 
printing machine. The printing machine employs a 5 
belt 10 having a photoreceptor surface 12 deposited 
on a conductive substrate 14. Preferably, photore- 
ceptor surface 12 can be made from a selenium alloy 
with conductive substrate 14 being made from an alu- 
minum alloy. Belt 10 moves In the direction of arrow io 
16 to advance successive portions of photoreceptor 
surface 12 sequentially through the various process- 
ing stations disposed about the path of movement 
thereof. Belt 10 is entrained about stripper roll 18, 
steering/tension roll 20, and drive roll 22. Steer- is 
ing/tenslon roll 20 is resiliently mounted. Belt end 
guides or flanges are positioned on opposed sides 
thereof and define a passageway through which belt 
10 passes. Drive roll 22 is in engagement with belt 10 
and advances belt 10 in the direction of arrow 16. 20 
Drive roll 22 is rotated by motor 24 coupled thereto by 
suitable means, such as a belt. 

A blower system can be connected to stripper roll 
18 and steering/tension roll 20. If desired, both strip- 
per roil 18 and steering/tension roll 20 can have small 25 
holes in the circumferential surface thereof coupled 
to an interior chamber. The blower system furnishes 
pressurized fluid, i.e. a compressible gas such as air, 
Into the Interior chamber. The fluid egresses from the 
interior chamber through the apertures to form a fluid 30 
film between belt 10 and the respective roll, i.e. strip- 
per roll 18 and steering/tension roil 20. In this manner, 
the fluid film at least partially supports the belt as it 
passes over the respective rdt diminishing friction 
therebetween. 35 

With continued reference to FIG. 1 . stations A, B, 
C. and D are constructed to sequentially produce red, 
blue, green, and black images respectively. Each sta- 
tion A, B, C, and D separately charges, exposes, and 
develops images on belt 10. In the charging proce- 40 
dure, the photoreceptor surface 12 of belt 10 is 
charged to a relatively high, substantially uniform po- 
tential Next, a digital image of the original document 
being copied, is exposed on belt 10 through an LED 
image bar. The LED image bar is part of each of the 4S 
stations. The charged photoreceptor surface 12 is se- 
lecth^eiy discharged by the light image of the original 
dooument. This records an electrostatic latent image 
on photoreceptor surface 12 which corresponds to 
selected informational areas contained within the 50 
original document 

Thereafter, during the development procedure, 
the developer mbc of the particular station is brought 
into contact with the latent image recorded on photo- 
receptor surface 12 of belt 10. The developer mix 55 
comprises carrier granules having toner particles ad- 
hering triboelectricalty to the selected informational 
areas. The latent image attracts the toner particles 



from the carrier granules forming a toner powder inn- 
age on photoreceptor surface 12 of belt 10. 

The toner powder images recorded by the sta- 
tions A, B, C, and D on photoreceptor surface 12 of 
belt 10 are then transported to transfer station E. At 
transfer station E. a sheet of support material 26 Is 
positioned in contact with the toner powder images 
deposited on photoreceptor surface 12. The sheet of 
support material is advanced to the transfer station 
by a sheet feeding apparatus 28. Preferably, the 
sheet feeding apparatus 28 Includes a feed roll con- 
tacting the uppermost sheet of a stack of sheets of 
support material. The feed roll rotates so as to ad- 
vance the uppermost sheet from the stack. The sheet 
of support material 26 Is moved into contact with the 
photoreceptor surface 12 of belt 10 in a timed se- 
quence so that the developed powder i mages contact 
the sheet of support material at transfer station E. 
Transfer station E includes a corona generating de- 
vice which applies a spray of ions to the backside of 
sheet 26. This attracts the toner powder in^ge from 
photoreceptor surface 12 to sheet 26. After transfer, 
the sheet continues to move in the direction of arrow 
16 and is separated from belt 10 by neutralizing the 
charge causing sheet 26 to adhere to belt 10. The 
sheet is advanced from belt 10 to a fusing station F 
which permanently aff ixes the transferred toner pow- 
der image to sheet 26 in this manner, the toner pow- 
der image is permanently aff bced to sheet 26. After 
fusing, the sheet 26 is advanced for removal from the 
printing machine. 

Invariably, after the sheet of support material is 
separated from photoreceptor surfece 12 of belt 10, 
some residual particles remain adhering thereto. 
These residual particles are removed from photore- 
ceptor surface 12 at cleaning station G Cleaning sta- 
tion G includes rotatably mounted fibrous cleaner 
rolls/brushes 30 In contact with photoreceptor sur- 
face 1 2 of belt 1 0. The partidea are cleaned from pho- 
toreceptor surface 12 by the rotation of cleaner 
rolls/brushes 30 in contact therewith Subsequent to 
cleaning, a discharge lamp floods photoreceptor sur- 
face 12 with light to dissipate any residual electrostat- 
ic charge remaining thereon prior to the charging 
thereof for next successh/e imaging cyde. Support 
rolls 32 and isolation rolls 34 are Included to provide 
support of the belt 10 throughout its length. 

it is believed that the foregoing description is suf- 
ficient for purposes of the present application to illus- 
trate the general operation of an electrophotographic 
printing machine. 

Referring now to the specific subject matter of 
th present inventton, FIG. 2a depicts a structure for 
maintaining belt 10 substantially in lateral alignment 
during the movement thereof in the direct ton of arrow 
16, Including structure which makes it possible to ob- 
tain and Implement updated steering coefficients. 

Steering/tension roll 20 is supported pivotably in 
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yoke 40. Yoke 40 includes a U-shaped member 42 
having steering/tension roll 20 mounted fixedly there- 
in. A rod 44, having pin joint 44a, extends from the 
center of Ushaped member 42 and is mounted rotat- 
ably in a fixed frame. Preferably, rod 44 is supported 
in a suitable bearing 45 minimizing friction during the 
pivoting thereof. The longitudinal or steering axis of 
rod 44 is substantially normal to the longitudinal axis 
of roll 20. In this manner, roll 20 pivots in the direction 
of arrow 46 about the axis of rotation of rod 44 This 
steering axis of rotatk>n controls the lateral displace- 
ment of the belt Preferably, a tension spring 48 or the 
like resitiently biases or pushes the steering/tension 
roll 20 away from the stripper roll 18 and drive roll 22 
to maintain a tension on the belt 10. 

Steering motor 50 is attached to steering/tension 
roll 20 The motor may t>e a stepping motor or other 
suitable motor. The motor 50 has a cam 50a, prefer- 
ably a linear cam, nfK)unted on the motor shaft, with 
the cam bearing on block 50b which is positioned as 
part of yoke 40. Rotation of the motor causes the yoke 
to pivot In a desired manner through the cam, block 
arrangement. Controlled motor operation is accom- 
plished by motor controller 52. A restraining spring 54 
biases the steering/tension roll 20 to counteract the 
camming action from the opposite end. 

FIG. 2b provides a more detailed view of section 
H of FIG. 1 showing locations of the steering/tension 
roll 20, cam 50a, isolation rolls 34, belt 10, and a sen- 
sor 54. As can be seen In this Figure, movement of 
steering/tension roll 20 causes the angle of belt 10, 
between the Isolatton rolls 34 and the steering/ten- 
sion roll 20, to be altered. The Figure discloses the 
steering/tension roll and cam at their nominal posi- 
tions, and extended or rotated positions. 

FIG. 3 shows the yoke arrangement of FIG. 2a in 
a cut-away view, having the belt omitted for i mproved 
clarity. It is to be noted that the motor may include a 
gear train and there may be other mechanical linkage 
between the cam and yoke. 

FIGS. 4 and 5 disclose a manner of sensing belt 
movement in a preferred embodiment. A belt edge 
sensor 54 is positioned in the printing device to have 
the belt 10 pass through a slot opening 58. Illumina- 
tion light (e.g. LED) from wires 58 Illuminates the slot 
56 in a desired manner Analog lateral position signal 
wires 60 from a detector (not shown) are posit k>ned 
on the underside of slot 56 As the belt 10 passes 
through slot 56, light is partially blocked and this in- 
formatton Is transmitted from analog lateral position 
signal wires 60 to the detector element (not shown). 
The output analog voltage sensed by detector (not 
shown) is proportional to belt lateral position from a 
predetermined reference. The analog signal is subse- 
quently conditioned, digitized, and sent to further 
control circuitry for adjustment of the belt position. In 
one embodiment, the control circuitry would be in the 
motor controller 52. In other embodiments, it could be 



sent to a control computer (not shown). 

FIG. 5 shows a detailed view of a diagonal line 
target on the belt 10 This diagonal line target is in th 
form of a "Z-hole" pattern 62. As the "Z-hole" pattern 
5 on the belt moves with the belt under the belt edge 
sensor 54. the sensor traces a path across it. Using 
the "Z-hoie" pattern, the belt position can accurately 
be determined. It is to be appreciated that other line 
target patterns such as a "N-hole" pattern can be im- 
10 ptemented. 

The "Z-hole" pattern sensor is described in EP- 
A-0.494,105. 

The detection scheme shown in FIGS. 4 and 5 
can be implemented in an active belt steering ar- 
ts rangement as shown generally in FIG. 6. The system 
includes a belt 10, steering/tension roll 20, and isola- 
tion roils 34 and structure to support the rolls and 
belt Lateral position sensing may be accomplished 
using a Z-hole sensor 62, or as shown in FIG 6, by an 
20 arrangement including a belt edge sensor 64, a signal 
amplifier 66, and an A-D converter 68. In an automat- 
ic steering mode, using an edge sensor, a position 
calculation block 70 receives the sampled data from 
the A-D converter to calculate the belt position. A Pro- 
25 portional Integral Derivative control (PID) 72 imple- 
ments the position data obtained from the sampled 
data of the sensor to provkie control signals for com- 
pensating undesirable belt movement A backlash 
compensation circuit 74 is provided within the auto- 
30 matic steering mode A to reduce undesirable back- 
lash in the movements of the belt and motor. The nrK> 
tor control 52 provides the developed correction sig- 
nals from the Proportional Integral Derivative (PID) 
control 72 and supplies these signals to the motor 50. 
35 If desired, a known double eccentric steering roll 
crank 76 can be implemented, similar to the cam 
block arrangement shown in FIG. 2, in conJunctk>n 
with the motor 50 to move the steering roll 20 in an a|>- 
propriate position. A steering coefficient 78 is used in 
40 providing the proper movement compensatton neces- 
sary in the system 

A characteristic steering coefficient of printing 
machines and other machines using a moving belt ar- 
rangement cannot be reliably predicted by calcula- 
45 tk>n. Addittonally, the coeff toient is known to be sen- 
sitive to small defer matk>ns of the machine structure, 
such as may occur when the belt subassembly is 
pulled out for service and then replaced. Changes in 
the coefficient may also occur as the dimensions of 
so particular belts 10 will vary. Prior to the present in- 
vention, the characteristic steering coefficient for a 
printing machine had been experimentally deduced 
on prototypes and that value was then projected to 
the entire population of subsequently produced ma- 
ss chines. Therefore, it has been previously only possi- 
ble to gain a general approximation of the actual val- 
ue for any particular machine. This procedure conv 
promises the accuracy and stability of the entire 
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steering control system. 

The present invention provides the capability of 
repeatedly measuring the steering coefficient while 
the belt is in place, even aft r machines have be n 
sent to final work sites, and after belts have been 
changed. 

FIG. 8 provides a flowchart for updating a steer- 
ing coefficient. The operations represented by the 
flowchart may be controlled by the motor control 52 
or by a system computer (not shown). Initially, as 
snown in block 80, the automatic steering mode A Is 
engaged In order to steer the belt to a preset point 82. 
When the belt is at the preset point, the automatic 
steering mode control is disabled 84. The steering 
motor is then turned clockwise for a predetermined 
amount of steps 86 and the average belt walk (Yin) 
and the belt walk rate (dYIn) in distance per belt rev- 
olution is measured for a predetermined number of 
belt revolutions 88, e.g., 4 revolutions (see FIG 9). At 
this point, the automatic steering mode is re-engaged 
90 and the belt is steered back to the preset point 92. 
The automatic steering control is again disabled 94 
and the steering motor is turned counterclockwise for 
a predetermined amount of steps 96 and the average 
belt walk (Yout) and walk rate (dYout) is measured for 
a predetermined number of belt revolutions 98. It is to 
be appreciated that the determining of the "out" walk 
may be done prior to determining of the "in" walk. 
Also, any desired number of belt revolutions can be 
used although the numbers should be identical. Us- 
ing the above-obtained data, an updated steering 
control gain or coefficient is determined 100. 

FIG. 9 provides an example of graphical repre- 
sentation sensed edge data obtainable while the belt 
is drifting inward or outward. With continuing refer- 
ence to FIG. 9, a procedure to determine the steering 
coefficient includes: 

1. turning the steering roll to one side to remove 
possible backlash. 

2. turning the steering roll in the same direction 
for N steps; lock the steering roll; run the belt for 
3 revolutions; put belt edge data In an array Y(3n) 
at a f bced sample rate which is associate with a 
process encoder clock at n samples per belt rev- 
olution. 

3. calculating the slope B(i), intercept A(i) of linear 
regression for each of n data sets consisting of 
Y(i), Y(n + 1), Y(2n + 1); find the belt walk rate 
(distance per revolution per N steering steps) by 
taking average of n slope data where: Yin = 
(2(B(l)) + n. 

4. calculating a correlation coefficient CC(i) for 
each set of Y(i). Y(n + 1), Y(2n + 1). 

5. repeating steps 1 through 4 to find Yout 

6 average belt walk rate C,tMr (steering coeffi- 
cient) can then be determined by taking average 
of Yin and Yout where: G^.^ = (Yin + Yout) + 2. 
It is important to have the value of 



B(1)..B(m)..B(n) to be close. If any CC(i) is far from ± 
1, it is likely the steering system is not stable. 

In an idealized two roll system, the steering coef- 
ficient based on a specific two roll ntodei would be 
5 found by: 

Csteer = 0.2551 8y 6x wherein 
Csteer = Steering Coefficient (CS) 
6y - average belt walk per belt revotutbn; 
(equal to 1/2 (dYin -i* dYout)) assuming the walk rate 
10 is approximately the same near the set point; and, 
5x - the calculated yoke end displacement due 
to the number of steering steps. 

Upon obtaining the updated coefficient of steer- 
ing, the machine can then be switched back to the au- 
15 tomatic steering control mode using the new coeffi- 
cient. The obtained steering coefficient Is then used 
in a known control scheme for subsequent belt steer- 
ing control. By implementing this nnethod, a greater 
degree of accuracy Is obtained In controlling belt 
20 movement 

It is to be appreciated that although the present 
applicatton suggests updating the steering coeffi- 
cient in a machine using a PID control scheme, the 
updating of the steering coefficient can be imple- 
25 mented in other control schemes including Propor- 
tional Derivative (P -i- D) or leadlag series filtered 
control. 

FIG. 7 shows a top view of a three roll system with 
the steering roll 20 being adjusted to compensate for 
30 belt movement 

From the above-discussion, it is evident that 
there has been provided in accordance with the pres- 
ent invention, an apparatus and method for improving 
the control over compensation for lateral nrK)vement 
35 of a photoreceptor belt such that the belt moves in a 
predetermined path. 



Claims 

40 

1. An apparatus for controlling the lateral alignment 
of a belt (10) arranged to move in a predeter- 
mined path, comprising: 

a roll (20) arranged to support a portion of 
45 the belt passing thereover; 

a means (40) for rotatably supporting sakJ 

roll; 

a nK)tor (50), connected to said means for 
rotatably supporting said roll for orienting said roll 
50 In a desired direction; and, 

a means (52) for automatically controlling 
an operation of said nfK>tor in order to center the 
belt on said rolL 

55 2. The apparatus of claim 1 wherein said means for 
automatically controlling comprises: 

a means (64.66,68) for acquiring belt 
tracking data; 
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a means (70,72,74,52) for actuating said 
motor (50) based on the belt tracking data ac- 
quired. 

3. The apparatus of clal m 1 or clai m 2 further conrv 
prising a means for initializing said means for au- 
tomatically controHrng, said means for initializing 
comprising: 

a means for determining a tilt range of said 

roll; 

a means for determining a linear displace- 
ment of said means for rotatably supporting the 
roll: 

a means for determining the number of 
revolutions of said roll; 

a means for steering said motor dodcwise 
for N steps; 

a means for steering said motor counter- 
clockwise for N steps; and, 

a means for setting a steering coefficient 
of said motor. 

4. Theapparatusofanyoneofdaims 1 to3 wherein 
said means for rotatably supporting said roll com- 
prises: 

a yoke (40) on which said roll (20) is rotat- 
ably mounted; 

a spindle (44) to which said yoke Is se- 
cured; and, 

a frame on which said spindle is mounted. 

5. The apparatus of daims 4, induding: 

a cam follower (50b) secured to an end of 
said yoke (40); and 

a cam (50a) in operative engagement with 
sakl cam follower (50b); 

sakl motor (50) being connected to said 
cam (50a). for operating on said cam follower 
(50b) and pivoting said yoke on said spindle (44) 
and hence orienting said roll (20) in a desired di- 
rection. 

6. An electrophotographic printing machine of the 
type having an endless photoreceptor belt ar- 
ranged to move in a predetermined path through 
a plurality of processing stations disposed 
therealong, Including the apparatus of any one of 
daims 1 to 5 for controlling the lateral alignment 
of the photoreceptor belt. 

7. An apparatus for controlling operations upon a 
web, comprising: 

a means for sensing an edge pattern of 
said web, said edge pattern comprising a cross- 
track position and an in-track position of said 
web; 

a means for generating signals represent- 
ing sensed edge pattern data; 



a means for storing said edge pattern 

date; 

a means for comparing saki sensed edge 
date; and, 

5 a means for steering said belt to the de- 

sired edge position from several belt revolutions 
when the sensed edge position exceeds a pre- 
determined allowed limit value. 

10 8. The apparatus of claim 7 wherein said means for 
steering comprises: 

a roll arranged to support a portion of said 
belt passing thereover; 

a means for rotetebly supporting said roll; 

IS and, 

a motor, connected to said means for rotet- 
ebly supporting said roll for orienting said roll in 
a desired direction. 

20 9. A method for initializing a steering control of a 
web moving along a path, the web being subject 
to lateral movement in a direction transverse to 
the direction of movement of the web along the 
path, the method comprising the steps ct 

25 steering the belt by means of a steering 

motor to a preset position; 

turning the steering motor clockwise for N 



30 



35 



measuring an average belt walk and rate 
of belt walk for X belt revolutions; 

steering the belt back to the preset posh 

tion; 

turning the steering motor counterdock- 
wise for N steps; 

measuring an average belt walk and rate 
of belt walk for X belt revolutions; 

determining a steering control gain. 



1 0. A method for automatically and repeatedly meas- 
40 uring and updating a steering coefficient used in 
an automatic steering mode, to maintein the end- 
less photoreceptor belt of an electrophotography 
printing machine within predetermined parame- 
ters, the method comprising: 
45 engaging the automatic steering mode; 

steering the belt to a preset position; 
disengaging the automatic steering mode; 
turning the steering motor clockwise for N 

steps; 

50 measuring an average belt walk in and rate 

of belt walk In for X belt revolutk>ns; 

reengaging the automatic steering mode; 

steering the belt back to the preset posi- 
tion; 

55 disengaging the automatic steering mode; 

turning the steering motor counterdock- 
wise for N steps; 

measuring an average belt walk out and 
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rate of belt walk out for X belt revolutions; 
determining tlie steering coeff Ici nt. 
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